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IliPLEilEMTATIOM KETHOD OF PILOT SIGMAL 
FIELD 

1^0001] The rnventlon reiates to a method of Implementing an 
yninterrupied pilot signal covenng the whole antenna sector. 

5 BACKGROUND OF THE INVENTION 

[0002] As the number of users of wireless communication systems, 
such as ceilular radio systems. Is on the Increase, and as rapid data 
transmission in these systems ss becoming m*ore and more common, it is 
essentially Irnportsrst to increase the capacity of the system by iiT-prcA/Ing the 

10 performance of the systern. One solution to this probleTi is to use one or more 
adaptive antenna arrays instead of seclor antennas. In an arstenna array, 
separate antenna elements are typically positioned close to each o'.her, i.e. ai. 
about half a wavelength from each other. Typlcaily, there are a sufficient 
number of antennas ;n such arrays to achieve the desired coverage area. 

15 [0003] When adaptive antenna arrays are used, the basic idea is 

that narrow radiation beams are used vvhich are directed as directly as 
possible at the desired receiver. Methods generally knovjn in the use of 
adaptive anten.na arrays can be divided into two main groups: radiation beams 
are directed at the receiver, or the most suHabte beam is selected from several 

20 alternatK/e .beams, A sustable beam is sesected for downli.nk transmission, or 
the beam is turned on the basis of the information received from the uplinl<:. 
The reuse of frequencies can be made rriore efficient and the power of the 
transmitter can be reduced, because, owing to the directivity of the antenna 
beams, intene.rence Vv'ith other users diminish. 

25 [0004] The directing of antenne beams is Implemenied in tiie upHnk 

In 3 digital system by dividing the sigr.al in baseband parts into I and Q 
branci-ses and by multiplying in a comtplex manner (phase and ampiitude) the 
signal of each antenna element v/ith appropriate weighting coefficients, and 
subsequently by summing up the output signals of ail antenna eiements. The 

30 adaptive antenna array cornpnses in this case not only antennas but also a 
signal processor. vMch automatically adapts antenna beams by means of a 
control aigorithrn by turning antenna beams to the direction of the strongest 
signal measured. 

|000S| The directivity of the beams cars also be i.mplementsd by 

35 analogically generating with fixed phasing (Butler mat.nx) orLhogonal radiation 
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beams, m which the phase increases antenna by antenna, m the iTiethod, it Is 
simply measured vvhic-h beam receives most slgnol energy, in other words in 
which beam the signal is strongest, and this beam is then selected for the 
transmission:. 

5 [0006] in ceiiuiar radio systems, the r'setVa'crk pari of the radio 
system, such as a base station, typicafiy transmits one base -station-specific 
uninterriipted signal or several tor example sector- specific uniriterrupted 
signals, casled pilot signals in the CDMA system. The subscriber terminal 
listens to the pilot signaf in crossover situations, for example, so as to be able 

10 to set up a connection to the base station and thus to the cellular radio 
network. The pilot signal is a non~data-modulated signal transmitted with a 
known spreading code and on the same frequency band as the actual traffic 
channels. The piSot signal can be distingasshed from traffic channels only on 
the basis of the spreading cc>d8. The base station of each system transmits a 

6 pilot signai of its own, on the basis of which the subscriber termdnais can 
distinguish the transmissions of different base stations from each other 

[0007] The probleni is to generate an uninterrupted signal vcovenng 
the whole antenna sector, because due to the effect of multipath propagation, 
for example, the signals entering the receiver, v-^'hen being of opposite phases. 

20 cancel each other, and thus a fade maximum Is brought about. 

[00081 US 5, £77, 265 discloses a system by means of which, using 
adaptive arnenna arrays, the effect of fades can be averaged out. and an 
uninterrupted pllct signal covering the whole ar^tenna sector can be achieved 
more reliably. The system comprises an antenna array, vvhicr! co.rnprises two 

25 arstennas positioned at a distance sl'sorter than the w^avelength of a carrier 
vyave frcrn each other. The phase of the input signal of both antennas is 
changed, and thus a phase difference is achieved for the signals to be 
transmitted- Hereby, the occurrence of fades is more random and the fade 
maximums last a shorter time, but the solution disclosed sn the publication 

30 cannot eliminate the fades completely. 

rOOOSJ Another knovv'n solution for minimizing the problems caused 
by fades and for generating an uninterrupted pilot signal covering the whole 
antenna sector is disclosed in publication Ericsson Review No. 3, '1999. The 
solution disclosed in the publication is based on the use of separate sector 
5 antennas as a pari of an adaptive antenna array; the antenna solution 
compnses not only an array antenna element but also an added .mdiation 
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element. However the probiern with this solution is that the number of 
ant€^nnas must be increased. 



BREF DESCRIPTION OF THE INVENTION 

[001 0| An objecA of the Invention is thus to implement a method and 
5 an appsratus impiemsnting the method in such a way tiiat an uninterrupted 
pilot signal covering the whole antenna sector can be transmitted in a 
preferred manner. 

fOOIIJ Thss is achieved with an implementation method of a pilot 
signal using at least two prlman,'- pllol signals orthogonal relative to each other 

10 in a fadfo system coniprising adjacent directional antenna beams. In the 
method according to the invention, prin'jan/ pllol signals are transmitted in main 
antenna beams of sn antenna beam pattern in such a way that adjacent main 
antenna beams have primary pilot signals orthogonal reiative to each other: 
the Vvidths and directions of antenna beams are adjusted In such 3 way that 

15 the beams having the ssme primary pilot signal do not overlap. 

[0Q12] Furiher, an object of the invention is an Irnplementation 
m=ethod of a pilot signal, using at least two primary pilot signals orthogonal 
relative to esch other in a .radio system comprising adjacent directional 
antenna bea.ms, which antenna beams are formed utilizing polarization 

20 antennas. In the .method according to the Invention, at least two polarization 
groups are formed in such a way that in the same group the antenna beams 
have the same polarization and different groups have polarizations difrerent 
from; each other; primary pilot signals in main antenna beam,s of the antenna 
beam pattern in the same polarization group are transmltied In such a vjay that 

25 adjacent main antenna beams have priman/ pilot signals odhogonal relative to 
each other; the widths and directions of main antenr^a beams are adjusted in 
such a way that the beam^s belonging to the same polarization group and 
having the same primary pilot signal do not overlap. 

[0013] Further, an object of the invention is an implementation 

30 method of a pilot signal, using at least two primary pilot signals orthogonal 
reiatrve to each other and at least two seconda^-y pilot signals orthogonal 
relative to each other in a radio system! comprising adjacent directional 
antenna beams, V;,'hich are formied utilizing polarization antennas, in the 
method according to the Invention, two polarization groups are formed In such 

35 a Vi'ay that in the same polariz.ation group the antenna beams have the same 
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polarization and different groups have polarizations different from each other; 
pnmar>/ pijot signaJs -n r?iain antenna beams of the -antenna beam pattern in 
ths first polarization group are Iransmitted In such a way that adjacent main 
antenna beams have primary pilot signals onhogonas relative to each other; 
5 secondary' pisol signais in main antenr?a beams of the antenna beam pattern in 
the second poiarlzation group are transmitted in such a v^ay that adjacent 
main antenna bearrss have secondary pilot signals orthogonal relative to each 
other; the X'Vidths and directions of main antenna beams are adjusted in such a 
way that the beams belonging to the sarrie poianzation group and having the 

10 same pilot signal do not overlap. 

[0014] Further, an object of the invention is a system for 
implementing a pilot signal, in which radio system at least two primajy pilot 
signals orthogonal relative to each other and adjacent directional antenna 
beams are used. The system according to the invsrrtion comphses means for 

15 transmitting primarv' pilot signals in main antenna beams of the antenna beam 
pattern in such a v»'ay that adjacent main antenna beams iiave primary piiot 
signals ortfiogonal reiativ-a to each other; the systenr; comprises means for 
adjusting the widths and directions of the antenna beams in such a way that 
the beams belonging to the sam.e polarization group and having the same 

20 primary pilot signal do nor overlap. 

|0015| Further, an object of the invention is a system for 
irnplsmenting a piiot signal, in which radio system at least iv/a primary pilot 
signals orthogonal relative to each other and adjacent directional antenna 
bearris are used, which directional antenna beamss are formsd utilizir^g 

25 polarization antennas. The system according to the invention corr?prises 
means for forming at least two polarization groups in such a vvay that in the 
same group The 3,^tenn3 beams have the same polarization and different 
groups have polarizations different fro.m each other: the system oornpnses 
means for transmitting primary pilot signals in n^tain antenna beartss of the 

30 antenna beam pattern in the same poianzation group in such a way that 
adjacent main antenna beams have pri,mary pilot signals orthogonal relative to 
each other; the system comprises means for adjusting the widths and 
directions of the antenna beams m such a vvay that the beams belor^gmg to 
the same poianzation group and having the same primafv pilot signal do not 

36 ovedap. 
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|0016| Further, an objeci of the invention is a system for 
imptefT^enthig a pilot signal which radio system uses at least two prhTiary pilot 
sigr?£^is orlhogonai reia-ive to each other and at least mo secondary pilot 
signals orthogonal relative to each other, and adjacer^t directior;a; antenna 
5 bearns, which are forrried utilizing polarization arjtennas. The system 
according to the invention comprises means for forming two polarization 
groups in such a Vv'ay that in the same aroisp the antenna beams have the 
same polarization and different groups have polarizations different from each 
other; the system comprises means for transmitting primary pHot signals in 

10 rr^ain antenna beams of the antenna beam pattern in the tlrst polarization 
group in such a way that adjscent main antenna beams have primary pilot 
signals orthogonal relative to each other; the system comprises means for 
transmilting secondary pilot signals in main antenna beams of the antenna 
beam pattern in the second polarization group in such a way that adjacent 

15 main antenna beams have secondany pilot signals oithogonai relative to each 
other; the system comprises rr^eans for adjusting the widths and directions of 
the antenna beams sn such way that the beams belonging to the same 
polarization group and having the same pilot signal do not overlap. 

[ODiTl Preferred embodiments of the Invention are disclosed in the 

20 dependent claims. 

[0018] Trie invention is based on the idea that a radio systems is 
used which can utilize at ieast two primary pilot signals (primary CPICH, 
Common Fallot Channel) orthogonal relative to each other, or at ieast two 
pnmjary pilot signals orthogonal relative to each other and at least two 

25 secondary pilot signals (secondany CPICH) odhogonal relative to each other. 
Such a radio systemi is for example the UyiS, in v/hich the VVCDy.A (Wide 
Band Code Division K4ultiple Access) method is used. Each antersna sector 
has at least one primary pilot signal to be transmitted uninterruptedly, so that 
the subscriber terminal is successfully switched to the traffic channel In a 

30 f^rossover or handover situation. 

[0018] A plurality of advantages are achieved by means of the 
method and system according to the invention. In the method according to the 
invention, coverage or the whole antenna sector can be created for the pilot 
slgrial without nulls in the antenna gain. I.e. shadow regions, withoirt 

35 increasing the niimber of antennas, in addition, the subscriber ienminaL such 
as 8 telephone, can measure neighbouring signals also in a multi-beam 



system. Correspondingly, transmit diversity is possfcle also in narrow beams. 
Furthermore, when fixed beamforming is used, the advantage is that no 
calibration is required in ine transmission system, because the pilot signals 
summed u-p on tiie interface of ths antenna beams are not the same and thus 
5 they do not cancel each other and resui^ in a shadcv.^ region, 

BPJEF DESCRiPTION OF THE FIGURES 

f0020] The invention wili now be described ir? greater detaii in 
connection with preferred embodiments, with reference to the attached 
drawings, in which 

1^-' [00211 Figure 1 shows an exampie of a telecommunications 

system; 

[0022J FiQure 2 shows a simplified example of a transmitter with 
which direciional antenna beams are imfplemenied with fixed phasing; 

[0023] Figure 3 shows a sim.piified exampie of a transmitter with 
15 which directionai antenna beams are implemented with digital beamfomiing 
methods; 

[0O24| Fig J re 4 is a flow chart showing method steps for 
implementing an uninterrupted piiot signal covenng the whole antenna sector 
when the beams have the same polarization; 
20 [0025] Figures 5a to 5c show the order of pilot signals when 

adjacent bsanis have the same polarization; 

[0026| Figures 6a to 6b show the order of pilot signals when 
adjacent beams have different pofarizations; 

|0S2?1 Figure 7 is a flow diBrt showing method steps for 
25 implementir?g an uninterrupted pilot signal covenng the whole arnenna sector 
when the beams have different polarizations and only a prima n/ pilot is used; 

f0028] Figure 8 is a fic« chait showing mett^od steps for 
implementing an uninterrupted pilot signal when the beams have different 
polariZvations and both a primary pilot and a secondary pilot are used. 

30 DETAJ LED DESCRIPTION OF THE 1 NVENTION 

[00291 Figure 1 shows In a simpliised manner one digital data 
transmission system to which a solution according to the invention can be 
applied. It is a part of a cellular radio system, comprising a base station 104, 
which ;s in a bidirectional connection 108 and 110 with subscriber terniinals 

35 100 and 102, wriich can be fixedly mounted, rrtounied on a vehicle, or portable 



terminals. There is a connection fron] the transceivers of the bass statbn to en 
antenna unit by means of which the bidirectional radio connection to the 
subscriber tgrrnina! is implemented. The base station is further in connection 
with a base station controller 106, which transmits the connections of the 
5 terminals to the rest of the network or to a public switched telephone netvvfork. 
The base station controlier controls in a centralized manrser several base 
stations in connection therewiih. A control unit in the base station controller 
performs call control, mobilib/ n^sansgement, coiieciion of stat-sticai data and 
sigrjailing. 

10 pG30| In the method and the system implementing the method, 

described in the folloVifing, directional antenna beams and antenna sectors are 
used, in the disclosed method and system, poiarization antennas can also be 
utilized, 

[0031 1 Figure 4 shows as 3 flow chart the method steps for 
15 irnpiemenLing an uninterrupted piiot signal covering the whole antenna sector, 
Vvhen the beams have the same polarization. The performance of the method 
starts in block 400. l^ext, in block 402, the pilot signals of the adjacent antenna 
beams are defined orihogonai relative to each other, so that they are 
uncorreiated and do not therefore interfere with each other. In block 404. the 
20 widths of the antenna beams are adjusted in such a way that the beams 
having the same primary pilot do not overlap. Shadow areas for the prirnan/ 
pilot signal are not brought about in a situation where liie primary' pilot signais 
of adjacent beams are onhogonai relative to each other, and those beams that 
have the same primjary signal do not overlap, because when summed up on 
25 the inteilace of the beams, the primary pilot signais are not the same, nor of 
the opposite phase. Ti^s performance of the method is tenninated in block 
406, 

10032] Figures 5a to 5c illustrate a situation where the adjacent 
beams having the same polahzation have different primary/ pilot signals. Figure 

30 5a show? a situation where two pdmary pilot signais C. and orthogonal 
relative to each other are used. In the figure, the different antenna beams are 
500, 502, 504, 606, 508, 510, 512 and 514. in the situation of Figure 5, the 
antenna gain falls about 3 dB f.rom its maximum value at the Inie.rsection 518 
of two adjacent beams, 516 ccmpnses antenna eie.ments and means for 

35 directing antenna beams, for example a Butler matrix. The primary pilot signais 
can be rrsade orthogonal relative to each otl-ser for examspie by selecting A, .A, 



A, A, each of these being for example nurnbsr one, as the modulatjGn pattern 
for the primaa- pilol ssgnai of the first antenna in Figure C,; and A, -A. -A, A, A. 
-A, -A, for example an equai number of number ones and zeros, for the 
primary pilot signal of the second antenna in Figure C^, vvhere A - 1+]. Tl>s 
5 figure shovvs that the priman/ pilots of adjacent antennas are different. It is 
obvious th3t the method can be appiied aiso using more than two primary/ pilot 
signals orthogonal reiatsve to each other. Also, different primary pibt signais 
can be used in each beann. Thus, the number of dltrerent pilot signals can be 
seiecled to be suitable for a particular situation. Figures 5a to 5c show how 

10 primary pilot signais can be posltionGci in differerst beams when three primary 
pilot signals G., and C, oithogonai relative to each other are used. It Is not 
necessary to iransrnlt ais primary pilot signals in use In several main antenna 
beams of the antenna pattern. Neither is it necessasy to reuse signals in a 
particusar order, but in the second beams the most suiiabie ones of the 

16 avaiiabie sigr;als can be selected in each particular case to be re -transmitted. 

|0033J Figures 7 and 8 sliovv a flow chart of the method steps for 
Irrspiementing an uninternjpted pHot signal cove.nng the v^Jhole antenna sector 
when the beams have at least two different polarization groups. The .method of 
Figure 7 can be applied if the subscriber terminal has duaf-polarized 

20 transmitter antennas available. Thus, no separate secondan/ pilot signals 
different from the prirr^ary pilot signals are needed, because the subscriber 
terminal can distinguish the signals of different beams from each other by 
rneans of polarization. The performance of the method starts In block 700. In 
block 7G2, at least two poiarizanon groups are defined in such a way that in 

25 the same group the antenna beams have the same polarization, and different 
groups have polahzations different from each other. Ne;<t, in block 704, the 
priman/ pilot signals of adjacent antenna beams are defined orthogonai 
relative to each other, so that they are uncorrelated and do not interfere witfi 
each other. In block 706, the widths of the antenna beams are adjusted m 

30 such a way that the beams belonging to the same polari.v.at-on group arid 
having the same primary pilot do not overlap Thus, no shadow regions are 
brought about for primar\'- pilot signals, because the primary pilot signals of 
adjacent beams are orthogonal relative ro each other, and those bea.ms that 
have the same primary piioi do not overlap. The performance of the method is 

35 te.rminat.ed in block 708. 
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[0034] The tiovv chsrt of Fbure 8 shows how a combination of a 
pninary pHot signal and a secondary pilot signai Is used to achieve an 
uninterrupted pilot signai, whereby no dusl poiariZBtion antennas are nesded 
in the subscriber termlnai. The penorrnance of the riiethod starts in block 800. 
5 bi block 802, tvvo po!3;iZ'5tion groups are defined in such; a way that in the 
same group the antenna beams have the same poiarizatlon. and different 
groups nave pofarizatfens different from each other. Next, in biock 804, a 
primary pilot signal is defined for the tlrst polarization group and a secondary 
pilot signal for the second polarization group in such a way that the pilot 

10 signals of adjacent beams belonging to the sarrie polarization group are 
orthogonal reistive to each other. Finaily, in biock fi06 the vvidth$ of the 
antenna beams are adjusted in such a way that the beams belonging to the 
sarne polarization group and having the same primary pilot do not overlap. 
The performance of the method is terminated in block 808. 

15 [DS3S] Figures 5a to 6b illustrate a situation where polarization 

groups C3n be utilized in the generation of pilot signals. Figure 6'a shows a 
situation where the subscriber terminal has dual-polarized receiver antennas 
available. Thus, no separate secondary pilot signals different from primary' pilot 
signals are needed, berceuse the subscriber terminal can distinguish the 

20 signals of different beamis frorr^ each other by means of polarization. In the 
figure, the antenna beams having the sarne poiarizaOon are 600, 604, 60S and 
612- The second polarization group is teamed of beams 602, 006, 610 and 
614. in Figore 6a, the difference bet\'Veen tiie maximum and minimum of the 
antenna gain Is smaller than in Figure 5, i.e. approximately 0.5 d3, because 

25 antenna beams in the second polarization group can be turned in such a way 
that the maxinrjm values of the beams in the second poiaiization group are at 
the point of the miinimum values 618 of the beams in the second polarization 
group. 616 comprises antenna eie.ments and means for directing antenna 
beams, in this case for example two Butler matrices, for fonming different 

30 polarization groups, in this case, too, the primary pilot signals can he made 
orthcgonai relative to each other, for example by selecting A, A, A, A as the 
modulation pattern for the primary pilot signal of the first antenna in Figure C^, 
and .A, ~A, -A, A. A, ~A, -.A for the primary pilot signal of the second antenna in 
Figure C,, where A = 'Kj, It can be seen froui Figure 6a that the primar)' pilot 

35 signals are positioned by way of polanzation groups in such a manner that the 
adjacent beanos in the sarrse polarization groups h.ave different primary pilot 
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skjnals. if is obvious that in this case, too, the i-nethod can be appi^ed using 
more than two priniar\f pilot signals orthogonal relative to each other Also, 
different primary piiot signals can be used in each beam. Thus, the nufTiber of 
different pilot signals can be selected to be suitabte for each particLiiar case. It 
5 is not necessary to transmit all primary piiot signals in use in several main 
antenna beams of the arstenna pattern. Neiti^er is It r^ecessary to reuse signals 
in a particular order, but in the second beams the most suitable ones of the 
avaliabfe signals cars be seiected in each particular case to be re-ira nsrniited. 

[0038] In the situation of Figure 6b, polarization diversity can be 

10 utilized by setting a primary pilot for a beam belonging to the first polarization 
group and a secondajy pilot formed of the primary piior for a beam beiongi.ng 
to the second polarization group, in the figure, the first polarization group Is 
formed of the antenna beams 600, 604, 608 and 512. Tine second poiarization 
group Is formed of the beams 602, 606, 610 and 614. Also in Figure 6b, tine 

15 difference between the ma.ximurr; and minimum of the antenna gam is smaller 
than in F-lgure 5, i.e. approximateiy 0.5 dB. because antenna beams of the 
second poiarization group can be turned in such a way that the maximum 
values of the beams in the second poiarization group are at the point of the 
minimum Vv=SiUes 618 of the besrns in the second polarization group. 616 

20 co.mprises a.ntenna elements and means for directing antenna beams, In this 
case for e.xampie two Butler matrices, for forming diffe.rent polarization groups. 
When polarization-group-specific pilot signals are used, in this case primary 
piiots for the -first polarization group and secondary piiois formed of primary 
pilots for tiie second polarization group, the subscriber terminal does not need 

25 to have dual-poiarized antennas avaliabie. In this case, a secondarv' pilot Is set 
for example by determining that the secondary pilot signal has the same 
modulation pattern as the primary pilot signal but it is spread with a different 
channel code. The secof-jdary pilot signal can also be formed using the same 
n-^odulatlon pattern but a scramsbling cods different from the scrambling code 

30 of the prlrr^ary pilot. The net\,vork part of the radio systerr?, such as a base 
station, transmits to tf>e subscriber terminal information on secondary pilots 
being used, too, so that the subscriber terminal listens not only to tiie primary 
pilot signal but also to the secondar\' pilot signal. In Figure cb, 0, and C, 
denote primary' pilot signals and Cj., and C,^ secondary pilot signals. The figure 

35 shows tinat in the different beams belonging to the first polarization group the 
primary pilot signals alternate C,, C., C, C, and so on. In the beams belor^ging 
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to the second posanzation group the secondary' pilot signais aiiernate C.,^, C.,;, 
C,,, C,j^ and so on. The niethod can be applied also using i-nore than two 
primarv' p;[ot signals or secondar/ pilot signals orthogonal relative to each 
other. Afeo, different prlmaiv and secondary pilot signals can be used in each 
beam. Thus, the number of different pilot signals can be selected to be 
suitable fo.r each particular case, it is not necessan/ to transmit all primary or 
secondary^ pilot signals in use in several main antenna beams of the antenna 
pattern. Neither is it necessary' to reuse signals in a particular order, but in the 
second beams, the niost suitable ones of the available signa's can be selected 
in each particular case to be re- transmitted. 

ID037J In addition, other rnetnods can be used to distinguish pilot 
signals, such as transmitting the same pilot signal with adjacent beans but in 
such a way that the pilot signal of even/ other beam is delayed, for example in 
spread spectrijm systems by the chip time. The chip time refers to the inverse 
of the chip rate: for example in a VVCDMA system it is 1/3,84 ivIHz. Thus, if 
secondary pilots are used in addition to pd.mary pilots, the secondary- pilot of 
everx.' other beam is transmitted delayed. 

[0038| In addition, pilot signals used in the radio system can be 
used, when necessary/, for measuring neighbouring cells and estimating the 
channel. Parallel to the pilot signal, data intended for all users of the radio 
system or for the v«'hole radio ceil can be transmitted with the same delay. 

[0039] Figure 2 illustrates a simplified example of a transmitter 
which implements directed antenna heams v/ilh tlxed phasing (Butler matrix), 
and an isninterrupted pilot signal cove.unc the xA.;hole antenna sector. The 
illustration concentrates on showing transmitter parts required for directing 
antenna beams and forming a pilot signal. The transmitter comprises a desired 
number of channel units 200, which are in connection with a receiver 228. The 
channel units determine the inlet angles and delay of the received signal so as 
to find the best transmission angles. A signal 230 entering the channel unit in 
the transmitter is a data bit sequence which is modulated and encoded, and irs 
spread-spectrum systemis, e.g. in systerr-s ysir;g the WCDMA method, also 
spread-encoded into wideband by the channel units. The channel unit also 
generates at least one pilot signal which Is a non-data-mioduiated signal 
transmitted Vi'ith a certain known spreading code, which signal is transmitted 
by the net.worl< part of a radio system, such as a base station, at the same 
frequency band as the one used by the actual traffic channels, .irom which the 



pilot Bignai can be disifnguished on the basis of the spreading code. If both 
primsry and secondary pilot signals are in use, the channel unit generates 
both The signal to be transmstled fronn the channei units Is taken to a TX 
switching unit 202, which routes the signals to be transmitted to be summed 
5 up to each antenna bearn. If polarization antennas are in use, each antenna 
bearr; belongs to one of the two polarization groups. The channel units 
pe.ffonr: the control required. From the TX switching unit the signals are takers 
to a summing unit. 204, in which the signals assigned to each beam are 
digitafiy summed up. Signals 206, which are, in other words, summed signals 

10 assigned to each beam, are converted Into an analogue format in D/A 
converters 208, 210 and 212. in radio frequency parts 214, 216 and 218, the 
signals are i;p- converted to the desired transmission frequencies and 
amplified to correspond to the power level requirement for the radio path. The 
input of a TX matrix 220 comprises M pieces of signals, which are aligned by 

15 the TX matrix in such a v^'ay that antenna beams in different directions are 
received from antennas, the directions of Vy'hich antenna beams are fixed, and 
v^.fhich antenna beams cover together the desired area and form the desired 
radiation pattern. It is to be noted that the number M of antenna beams 
created with the TX matrix Is not necessarily the same as the number N of 

20 antenna elements. The TX matrix is usually implemented by means of the 
Butter .matrix. Tlse transmitter comprises a g.iven number N of antenna 
elements 222, 224 and 226, which can also be shared with the receiver (the 
Duplex solution) The antenna elements are arranged for e.xample m a linear 
or planar manner. 

25 1.00401 in a linear manner, the elements can be arranged for 

example as an ULA (Uniform Linear Array), in which the elements are 
positioned on a straight line at equal distances from each other. In s- planar 
manner, for example a CA (Circular Array) can be fomied, in which the 
elements are positioned at the same level, for example hohzontally in the form 

30 of the periphery of a circle. In this case, a given section of the peripher\' of the 
circle is covered, for example 120 degrees, or up to the whole 360 degrees. 
Also two- or three-dimensional structures can, In principle, be made of the 
above-mentioned uniplanar ar^tenna structures. A two-dl.mensional structu.re, 
for example, is formed by positioning ULA structures next to each other, 

35 whereby a matrix is formed of the elements. 
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|0041] The example of Figure 2 shows an v^natague irnpiernentaticr! 
for directing antenna beams. Figure 3 shows a siniplfned transrYifiter, v/hich 
aiiovv'S implementation of dsgrtal directing of anienna beams and an 
uninterrupted pilot signal covering the whole antenna sector. Tne illustration 
concentrates on showing transmitter parts required for directing antenna 
beams and forming a piiot signal as vveH as for trsnsmitting. 'The antenna 
pattern of the signal is directed with a digital phasing of the signal, whereby 
the antenna elements do not have to be mechanically directabie. Hence, the 
direction of the subscriber tern~inai 100, 102 is expressed as a complex vector, 
which is formed of an elementary unit oorrespondlr^g to each antenaa element 
and usually expressed as a complex niimbei". 

[0042] An antenna array using directed antenna beams comprises 
several separate elements 316 and 318. There may be K pieces of antenna 
elements, Vvfhereby K is an Integer greater than one. The transmission can 
utilize the same antenna elements as the reception, or there can be separate 
antenna elements for the transmission, as is the case in the figure. .Abo, the 
arstenna elements are In this implementation option arrarsged for example In a 
linear or planar manner. If polarization antennas are used, the antenna beams 
of each antenna element belong to one of the two polarization groups. 

[0043] The trans.mltter of the network part of the radio system 
comprises a modulation block 304, which modulates the carrier wave viith a 
data signal containing the desired information in accordance with the selected 
modulation method. Tlie modulation block performs measures to process 
speech of the user or data generated by the user, for instarsce DSP processing 
(Digital Signal Processing), by means of which information to be transmitted is 
encoded and encrypted. In channel coding, systematic bit redundancy is 
added to the signal, typically parity bits, which are used for detecting and 
correclir;g errors in a decoder. In speech coding, non-systematic redundancy 
;n source symbols Is typically removed to reduce the required bit rate. Further, 
in spread-spectrum systems, such as in the WCDfvIA, the spectrum of the 
signal is spread to a wide band in ms transmitter by .means of a pseudo-noise 
spreading code. The modulation block also generates at least one pilot signal, 
which is a non-data-moduiafed signal transmitted v/Ah a certain known 
spreading code, the signal being transmitted by the network part of the radio 
system, such as a base station, at the same frequency band as the one used 
by the actual traffic channels, from which signal a pilot signal can be 
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distip.guished onfy on the basis of the spreading code, if both prirr^ary piiol 
signals and secondary pilot signals are used, the ciiannel unit generates both. 

10044] The modulation block also generates at least one pilot 
signal, which is a non-data~rnociulated signal transmitlsd with a certain known 
5 spreading code, the signal being transmitted by the nsiwork part or the radio 
system, such as a base station, at the sarne frequency band as the one used 
by ihe actual traffic channels, fron? wliich signal a pnot signal can be 
distinguished only on the basis of the spreading code, 

[9045J m order to direct antenna beams, each separate digital 

10 sampled signal is .misltiplied with a weighting coefficient of the antenna 
element, usually in complex format, in weighting means 306. In triis way, the 
antenna beam can in the digital phasir?g be directed in the direction of a 
co.rnplex yecto.- formed of elementary units. Determination of the weighting 
coefficient utilizes measurements of the received signal, sucri as position 

15 inforrr;ation of the s'jbscriber device, for instance detsfmination of the input 
angies and deisy of the received signal perforrr^ed by a receiver 322. Tl-se 
vveighiiing coefficients are selected according to a typically adaptive algorithm 
in such a way that the desired radiation pattern is achieved. .A control block 
320 ccntrois the operation of the tra.nsceiver, such as the modulation block 

20 and weighting means. 

[00461 Each signal co.mponent is transferred to the transmitter 
corresponding to each antenna element. The transmitter corrsprises D/A 
converters 306 and 310, which conven' the digital signal into an analogue 
signal. The transmitter fudher comprises RF parts 312 and 314, in which the 

25 signal is up-converted to the selected transmission frequency. The RF parts 
also comprise filters that restrict the band width and amplifiers of the output in 
the transmitter in band-restricted systems in order to am>plify the signal to be 
transmitted to the selected power level. 

[0047] The functions described above for implementing an 

30 uninterrupted pilot signal covehng the whole antenna sector can be 
implemented in a plurality of ways, for example Vv^lth a software or hardware 
implementation performed by a processor, si:ch as with a logic constructed of 
separate components, or Vv'ith the ASIC (Application Specific Integrated 
Circuit). 
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[904S| The transmitter further arranges the signai to be transinitted 
and the s^gna^iing inforrr-ation In accordance with the air interface standard of 
the radio system. 

[0049] AJlhough Ihe invention has been described above with 
reference to the exampie according lo the attached dravi'ings, it is obvious that 
the invenilon is not confsngd thereto but can be modified in a plurality of ways 
^A'ithin the inventive rdea defirsed in the attached claims. 
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CLAIMS 

1 . An imptefTientation method of a pilot signaL usmg at least two 
pnrp.ar-i pslot ssgnais orlhogonal relative to each ether in a radio system 
comprising adjacent directional antenna beams, c h a r a c t e r ? 2 e d by 

5 402 transmittirvg primary pilot signais in main antenna beams of an 

antenna beam pattern In such a way that adjacent main antenna beams Have 
primary PiiOt signals orthogor^ai relative to each other; 

404 adjusting the widths and direcisons of the antenna beams in 
such a v.-ay that the beams having the same prirnarv^ pilot signal do not 
10 overlap. 

2. An smpiementation method of a pilot signai, using at least tvVO 
pilot signals orthogonal reistive to each other in a radio systerr- comprising 
adjacent directional antenna beams, which are forn-ied by utilizing polahzaiion 
antennas, c h &r & cte r i z&d by 

15 702 forming at least tvvo polanzatlon groups in such a way that in 

the same group the antenna bean-^s have the same poiarization, and different 

groups have polarizations different from each other; 

704 trarismltiing primary pilot signals in main antenna beams of the 

antenna beam pattern in the same polarization group in such a way that 
20 adjacent main antenna beams have primar>^ pilot signals orthogonal relative to 

eacli other; 

706 adiusling the widths and directions of main antema beams in 
such a way that the beams belonging to the same polarization group and 
having the same prfmsi7 pilot signal do not overlap- 

25 3. /An implementation method of a pilot signal using at least two 

primary piiot signals orthogonal relative to each other and at least two 
secondary pilot signals orthogonal relative to each other In a radio system 
comprising adjacent directional antenna beams, which are formed utilizing 
polarization antennas, characterized by 

30 302 forming two polarisation groups in such a way that in the same 

croup the antenna beams have the same polarization; and different groups 
have polarizations different from each other; 

804 transmitting primary pilot signals in main antenna beams of the 
antenna beam pattern in the first polarization group in such a vvay that 



acijacent main antenna beams have pnmary pisOt ssgnais orthogonai relative to 
each other; 

806 transmitting seconda?v pilot slgnais in main antenna bearns of 
the antsnna beam pattern in the second polarization group in such 3 way that 
5 adjacent main antenna beams have secondary pilol signals orthogonal relative 
to each other; 

<SOS adjusting the ^A^dths and directions of main antenna beams in 
such a way that the beams belonging to the same poiarizavion group and 
having the san^e pilot signal do not overlap. 
10 4. A method according to claim 1 , 2 or 3, c fi a r a c t e r i z e d by 

transmirting ali pnmary pilot signals in use sn several main antenna beam;s of 
the antenna pattern. 

5. A method according to claim 1 : 2 or 3, c h a r a c t s r 1 z e d by 
transmitting some of the primian/ pilot signals in use in several main antenna 

15 beams of the antenna patten:. 

6. A method according to claim 1,2 or 3, characterised by 
transrriitting different primary pibt signals in main antenna beams of the 
antenna pattern in a predetermined order. 

7. A method according to claim 1 , 2 or 3, characterized by 
20 defining the prirn3r\/ pilot signals of adjacent main antenna bearns of the 

antenna pattern orthogonal relative to each other by selecting for the prirnar/ 
pilot sL^nals modulation pt^tterns consisting of pilot symbols and being 
orthogonal relative to each otl;5er. 

8. A method according to claim 1 2 or 3, g h a r a c t e r 1 e e d by 
26 derlning the primary pilot signals orthogonal relative to each other by selecting 

different spreading codes for adjacent main antenna beams. 

9. A method according to claim 1 , 2 or 3, c h a r a c t e r 1 z e d by 
transmitting the primany pilot signals of adjacent antenna beams with different 
delays in such a way that the primary pilot signal c r every other main antenna 

30 beam is delayed by the chip time. 

1 0. A method according to claim 1, 2 or 3, s h a r ^ c t e r 5 z e d by 
defining different scrambling codes for the primary-' pilot signals of adjacent 
m,asn antenna beams. 

1 1 . A method according to claim 1,2, 3 or 9, c h a r a o t e r s z e d 
35 by transmitting daia Intended for all use.rs of the radio system or for the whole 

radio cell in parallel with the primary pilot signal and with the same delay. 
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12. A method according to dalm 3, characterised by 
tssnsmitting ail secondary pisot signals in use in several n'sain c^ntsnna beajr^s 
of the antenna pattern. 

13. A method according to claim 3, characterized by 
5 transniitiirsg sorrie of the secondary pilot signals in use in several main 

antenna beams of the antenna pattem. 

14. A method according to claisrs 3, characterized by 
transmitting different secondaiy pilot signals in .main antenna beams of the 
antenna beam pattern in a predetenTsined order. 

10 15. A rnethod according to claim 3, c h a r a c t r s x e d by the 

secondary pilot signai having a spreading code different fron^ that of the 
primary pilot signal. 

16. A .method according to csaim 3, characterized by 
derlning the secondary piiot signais orthogonal relative to eacii otrier by 

15 selecting dit^erenl spreading codes for adjacent main antenna beams. 

17. A method according to claim 3, g h a r a c te r s z e d by 
defining the secondary' pilot signals of adjacent main antenna beams of the 
beam; pattern orthogonal reiative to each other by selecting for the secondary 
pilot signals modulation patterns consisting of pilot symbois and being 

20 orLhogonai relative to each other. 

18. A method according to daim 3, characterized by 
defining diiTerent scrambling codes for the secondary pilot signais of adjaceni 
mam antenna beams. 

19. A method according to claim 3, characterized by 
25 transmitting the secondary' pilot signais of adjacent ma;n antenna beams with 

different delays in such a vv^ay that the secondary pilot signal of every other 
main antenna beam is delayed by the chip time. 

20. A method according to cisimi 3 or 1 9, c h a r a c t e r i z e d by 
transmitting data intended for all users of the radio system or for the whole 

30 radio cell in parallel with the secondary pilot signal and with the same delay. 

21. A syste.m for irnpiementing a pilot signal in which radio system 
at least tvv'O p.drnary pilot signais orthogonal relative to each other, and 
adjacent directional antenna beams are used, characterized in that 

the system comprises means (200, 304, 320) for transmitting 
35 priniary pilot signals in main antenna beams of the antenna beam pattern in 



such 3 way that adjacent mah antenna beams have prlrnan/ piiot signals 
orthogonal relative to each other; 

the sysierr^ comprises means (200, 312, 314) for adjusting the 
widths and dsrections of the antenna beams in such a way thai the beams 
5 havir^g the same primary pilot signai do not overlap. 

22. A system for implementing a piiot signal, in which radio system 
ai least two primary pilot signals orthogonal relative to each other and adjaoent 
directionai antenna beams are used, which directioriai a.ntenna bea.ms are 
forn-sed by utilizing polarization antenrsas, characterized in that 

10 the system comprises means (200, 220, 312, 314, 316, 318) for 

fonninQ at least tA'o polarization groups in such a way that in the same group 
the ar^enna beams have the same poterizatlon, and different groups have 
polarizations different from each other; 

the system CQmp.nses means (200, 202, 204, 220, 304, 306, 320) 

15 for transmitting pnmary pilot signals in mialn antenna beams of the antenna 
beam pattern m the same polari.zatlon group in such a way il-at adjacent main 
antenna bearrss have primary pilot signals orthogonal relative to each other; 

the -system comiprises .means (200, 312, 314) for sdiosting the 
Vi/ldths and directions of the sntenna beams in such a way that the beam:S 

20 belonging to the same polarization group and having the same primary pilot 
signal do not overlap. 

23. A system for implementing a pilot signal, in which radio systerr; 
at least h-vo pnmary pilot signals osthogonal relative each other, at least tivo 
seconda.ry pilot signals ort-hogonal relative to each other and adjacsni 

25 directional antenna beams are used, which directional antenna besrns are 
formed utilizing polarization antennas, characterized in that 

the system comprises means (200, 210, 312, 314, 316, 318) for 
forming two polarization groups in such a Viiay that in the same group the 
antenna beams have the same polarization, and different, groups have 

3 0 po la rlzations d ifferent from each ot he r: 

the system comprisers means (200, 202, 204, 220, 304, 306, 320) 
for trarssmltting primary pilot signals in main antenna beams of the antenna 
beam pattern in the first polanzation group In such a way that adjacent main 
antenna beams have phm^ar^' pilot signals orthogonal relative to each other; 

35 the system, comprises means (200, 202, 204, 220, 304, 306, 320) 

for transmitting secondary pilot signals in main a.ntenna beams of the antennei 
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beam pattern ;n ii^e second poianzstion group in such a way thai adjacent 
nvam antenna beams have secondary pilot signals orthogonal resative to each 
other; 

the system comprises means (200, 312, 314) for adjusting the 
5 widths and directions of the antenna beams in such a way that bearris 
belonging to the same poianzation group and having the same piiot signal do 
not overlap, 

24, A system according to claim 21 , 22 or 23, c h a r a c t e r 5 z e d 
;n that the system comiprises means (200, 304, 320) for transmitting ail primary 

10 psiot signals in use in several main anienna beams of the antenna pattern. 

25, A system according to claim 2 1 . 22 or 23, c h a r a c t e r i z e d 
in that the system comprises means (200, 304, 320) for transmitting some of 
the primiary pilot signals in use in several main antenna beams of the antenna 
beams pattern, 

1 5 26, .A system according to claim 21 22 or 23, c h a r a c t e r i 2; e d 

m that the system comprises means (200, 304, 320) for transmitting different 
primary pilot signals in main antenna beams of the antenna beam pattern in a 
predetermined order. 

27. A system according to claim 21 , 22 or 23, c h a r s e t s r 5 z e d 
20 in that the syste.m comprises means (200, 304, 320) for defining the primary 

pilot signals of adjacent mai.n antenna beams of the antenna pattern 
crthogonai relative to each other by selecting for the pilot signals modulation 
patterns consistirKj of pilot symbols and being orthogonal relative to each 
other. 

25 28. A system according to claim 21 . 22 or 23, c h a r a 0 t e r i z e d 

in that the system comprises ,means (200, 304, 320) for defining primary pilot 
signals orthogonal .relative to each other by selectir^g different spreading codes 
for adjacent main antenna beam^s. 

28. A system acoording to claim 21. 22 or 23, c h a r a g t e r ri e d 
30 in that the system comprises means (200, 304, 320) for defining different 

scrambling codes for the pnmary pilot signals of adjacent main antenna 
beams. 

30, A sysiem according to claim 21 , 22 or 23, c h a r a c t e r i 2: e d 
in that the systen-s comprises means (200, 304, 320) for transmitting the 
35 prima,ry pilot signals of adjacent mam antenna bea.ms with different delays in 



such a way that the primary pilot signal of every other main antenna beam is 
delayed by the chip time. 

31. A system according to ciaim 21, 22 or 23 or 30, 
c ih a r a c t e r i z e d in that the system compnses means (200, 304, 320) for 

5 transmitting dats intended for all users of the radio system or for the whoie 
radio ceil in parallei With the prirnary pilot signal and with the same delay. 

32. .A system according to claim 23, characterised ?n that 
t.lie sy'siera corriprises means (200, 304, 320) for transrriitting all secondan/ 
pilot signals in use in several main antenna beams of the arstenna pattern. 

10 33 A system according to claim 23, c h a r a c t e r s d in that 

the system compnses means (200, 304, 320) for transmitting some of the 
secondary pilot signais in use lr\ several main antenna besms of the antenna 
pattern. 

34. A system sccordirsg to daim 23, c h a r a c t e r ? z e d in that 
16 the systen^ comprises means (200, 304, 320) for transmitti.ng different 

secondary pilot signais in main aritenna beams of the arsten.na beam pattern in 
a predetermined order. 

35. A system according to ciairn 23, c h a r a c t e r s z s d in that 
the secondan,'' pilot signal has a spreading code different from that of the 

20 pri.mer>' psiof signal 

36. A system according to claim 23, c h a r a c t e r i z e d in that 
the system comprises means (200, 304, 320) for defining the secondar\^ pilot 
signais of adjacent main antenna beams of the antenna pattern orthogonal 
relative to each other by selecting for the seconda.ry pilot signals modusation 

25 patterns consisting of pilot symbols and being orthogonal mlative to each 
other. 

37. A system according to claim 23, c h a r a c t e r j z e d in that 
the system comprises means (200, 304, 320) for defining the secondary pilot 
signals orthogonal relative to each other by selectirsg different spreading codes 

30 for adjacent main antenna beams, 

38. A system according to daim 23, c h a r a c t e r ^ 2 e d in thai 
the systems comprises means (200, 304, 320) for defining different scrambling 
codes for the secondary pilot signals of adjacent main antenna beams. 

39. A system according to claim 23. c h a r a c t e r i z e d in that 
35 tile system comprises means (200, 304, 320) for traiismitting the seconda.r-/ 

pilot signals of adjacent main antenna bea.ms vvith different delays In such a 
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way that the secondary pilot signal of every-' other main antenna beam is 
defayed by the chip time. 

40. A system according to claim 23 and 39, c h a r a c t e r ? s e d 
in that the system comprises means (200, 304, 320) for transmitting data 
5 intended for all users of the radio system or for the vviioie radio ceil In paraliel 
witin the secondary pilot signal and with the same delay. 
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